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Objectives: Lower extremity injury is common in trauma patients; however, the influence of arterial injury on devastating
patient and limb outcomes can be confounded by the presence and physiological derangement of concomitant head or
thoracoabdominal injuries. We analyzed isolated lower extremity injuries with an arterial component. Our aim was to
elucidate factors associated with mortality and limb loss in this selected population.
Methods: We reviewed trauma incidents from the National Trauma Data Bank (2002-2006) containing isolated lower
extremity injury codes and a specified infrainguinal arterial injury. Demographics, injury patterns, clinical characteristics,
and adverse outcomes (death, amputation) during initial hospitalization were collected. Multivariate logistic regression
was used to identify risk factors for limb loss.
Results: There were 651 isolated infrainguinal arterial injuries. Death (18) and early limb loss (42) were studied by
mechanism (penetrating, n  431; blunt, n  220). Half of the deaths involved injury to the common femoral artery
(CFA), and over 80% had injury to the CFA or superficial femoral artery (SFA). Death was three times as frequent in the
CFA/SFA than in the popliteal/tibial injuries (P  .02). Penetrating injuries were present in almost 80% of deaths, and
most of these were gunshot wounds. Patients who died had mean initial systolic blood pressure of 59.7 mm Hg, and
almost 40% had no blood pressure on arrival. Mean initial Glasgow Coma Score was 4.5, and almost 80% arrived with a
Glasgow Coma Score of 3 despite the absence of head injury. Twenty-seven above- and 15 below-the-knee amputations
were performed. The popliteal artery was injured in half of the amputations, with injury isolated to the popliteal or tibial
arteries in about three-quarters. Amputation was twice as frequent in popliteal/tibial than CFA/SFA injury (P  .03)
and twice as frequent in blunt than penetrating injury (P .05).Multiple arterial injuries (odds ratio, 5.2; 95% confidence
interval, 1.7-15.6; P  .003), and fracture (odds ratio, 2.2; 95% confidence interval, 1.1-4.2; P  .02) independently
predicted amputation, while the presence of nerve injury and soft tissue disruption did not.
Conclusions: Isolated lower extremity traumawith vascular injury has a nearly 10% rate of mortality or limb loss.Mortality
is associated with penetrating mechanism and early shock, likely resulting from prehospital proximal arterial hemorrhage.
In contrast, early limb loss is more common with blunt distal vascular injury, especially to the popliteal and tibial arteries.
Neither nerve nor soft tissue injury predicted limb loss but may result in delayed amputations not captured in this acute
outcomes dataset. ( J Vasc Surg 2011;53:1598-603.)
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cDespite a paucity of large-scale study, the management
of extremity arterial injuries in the hopes of preventing
devastating outcomes such as limb loss or death has evolved
over time.1 This evolution has included the adoption of
endovascular techniques, although primarily in aortic and
other intracavitary positions.2,3 Some issues remain with-
out consensus, such as the ideal surgical sequence for the
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1598nitial management of severe lower extremity injuries.4 It
emains unclear whether or not aggressive attempts at the
alvage of severely injured lower extremities are in the
ventual best interests of some patients, given the difficulty
n predicting functional outcomes based on presenting
njury characteristics.5,6
Although numerous single-institution reviews of the
anagement of lower extremity arterial trauma have been
onducted, no comprehensive survey of the relationship be-
ween injury characteristics at every arterial level and the
evastating outcomes of limb loss and mortality has been
ublished. The specific influence of the arterial trauma on
utcome can be confounded by the presence of and physio-
ogical derangements resulting from concomitant, nonex-
remity injuries. In order to focus on the impact of arterial
njury on patient and limb outcome, we queried a validated,
ationwide, multicenter registry for a cohort of trauma inci-
ents resulting in isolated injury to the lower extremitywith an
rterial component. Our aim was to elucidate limb injury
actors associated with mortality and limb loss. We hoped to
se these associations to provide insight into the presenting
haracteristics of injuries that are likely to result in these
evastating outcomes.
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The National Trauma Data Bank (NTDB) is a prospec-
tively maintained, multicenter registry of trauma encoun-
ters, currently drawing data from over 900 trauma centers
in the United States. Over 2.7 million records are included
in the database, which is administered by the American
College of Surgeons. The analyses performed in this study
were of data from the NTDB Research Data Set, version
7.2 (March 2009), involving emergency department en-
counters for injury and trauma admissions to participating
trauma centers from January 2002 through December
2005. Each trauma incident recorded represents a single
patient visit, thus recidivist patients with new trauma inci-
dents will be represented twice.
The study cohort was generated by querying the
NTDB Research Dataset for trauma incident records con-
taining only anatomic injury codes (Abbreviated Injury
Scale) for the lower extremity. This eliminated all patients
presenting with thoracoabdominal, head, or upper extrem-
ity injuries in addition to the lower extremity injury of
interest. The resulting population was further refined by
eliminating those records not containing a specified Inter-
national Classification of Diseases, ninth edition (ICD-9),
code for one or more specified arterial injuries distal to the
external iliac artery. Those records containing only an
ICD-9 code for a plantar or unspecified arterial injury were
excluded from the analysis. Table I contains a list of the
arterial injuries included and their associated ICD-9 codes.
The resulting cohort contained all records with isolated
trauma to the lower extremity with an associated arterial
injury.
The characteristics of the limb injury sustained were
also collected using ICD-9 codes. The artery(ies) injured,
presence of a femur or tibia fracture, presence of a nerve or
vein injury, or a significant soft tissue wound were assessed
and recorded. Mechanism of injury was divided into blunt
(vehicle crash, struck pedestrian, crush injury, or fall) or
penetrating (stab and gunshot wounds). Physiological data
on presentation were collected as the Glasgow Coma Score
Table I. ICD-9 codes for arterial injuries used to define
the study cohort
904. xx injury to blood vessels of lower extremity and unspecified
sites
904.0 Common femoral artery
904.1 Superficial femoral artery
904.2 Femoral veins
904.3 Saphenous veins
904.4 Popliteal blood vessels
904.41 Popliteal artery
904.42 Popliteal vein
904.5 Tibial blood vessels
904.51 Anterior tibial artery
904.52 Anterior tibial vein
904.53 Posterior tibial artery
904.54 Posterior tibial veinand the systolic blood pressure on arrival to the emergency Department. The NTDB collects data on outcomes until
he time of initial patient discharge from the hospital.
utcome data recorded for this analysis included in-hospital
ortality (including deaths in the emergency department),
ospital length of stay, and major amputation during the
nitial hospitalization (transfemoral or transtibial).
Missing data points were not imputed but treated as
issing data. Descriptive statistics were performed for all
ariables. Comparisons between groups were performed
sing the Student t test for continuous variables and 2 and
isher exact tests for categorical variables as appropriate.
tatistical significance was defined at a P value of .05.
ultivariate logistic regression was used to identify inde-
endent associations between various risk factors and limb
oss (amputation). All statistical analyses were performed
sing Stata, version 11 (StataCorp, College Station, Tex).
ata are presented as mean  standard deviation except
here noted.
ESULTS
Selecting incidents with isolated lower extremity
rauma with an arterial component yielded 651 patient
ncounters. Complete datasets were available for 603
93%) of encounters. The most commonly missing data
ere Glasgow Coma Score (48 missing), age (36 missing),
nd length of stay (34 missing) The mean age of the
esulting cohort of patients was 30.6 years (median, 27
ears; range, 2-86 years). Males accounted for 556 (85.4%)
f the 651 encounters. Injuries resulted from penetrating
rauma in 431 (66.2%) incidents and from blunt trauma in
he remaining 220 incidents.
The most commonly injured artery was the popliteal,
nvolved in 234 (35.5%) of incidents. This was followed by
he superficial femoral artery (SFA), involved in 181
27.8%), the common femoral artery (CFA) in 120
18.4%), the posterior tibial artery (PTA) in 82 (12.6%),
nd the anterior tibial artery (ATA), in 56 (8.6%) of the
njuries. Both the PTA and ATA were involved in seven
1.1%) injuries. Traumatic injury to the peroneal artery
oes not have an independent ICD-9 code. Concomitant
enous injury (femoral, popliteal, tibial) was present in 173
26.6%) of injuries. Fracture of the femur was seen in 79
12.1%) and of the tibia in 139 (21.4%), with both bones
ractured in 16 (2.5%) of injuries. Significant open wounds
ere seen in 176 (27.0%) and nerve injuries in 67 (10.3%).
able II presents injury characteristics and outcomes by the
ost proximal vessel injured.
There were 18 deaths in the cohort, representing 2.8%
f the total. Nine of the deaths involved injury to the CFA,
nd 14 (77.8%) involved injury to the CFA or SFA. One
atient who died had injury to both the CFA and SFA.
ortality was more common in injuries to the CFA/SFA
14 deaths in 291 injuries, 4.8%), than in injuries to the
opliteal or tibial arteries (five deaths in 360 injuries, 1.4%;
 .02). Overall, the mortality rate decreased the more
istal the arterial injury (Fig 1). Penetrating trauma ac-
ounted for 14 (78%) deaths, with 10 gunshot wounds.
eath resulted more frequently from penetrating injuries
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June 20111600 Kauvar et al(14/431, 3.3%) than from blunt injuries (4/220, 1.8%),
but this difference did not reach statistical significance (P
.29). Patients who died arrived hypotensive, with a median
initial systolic blood pressure of 22 mm Hg (interquartile
range [IQR], 0-116 mm Hg), and seven (39%) had no
measurable blood pressure on arrival. Survivors presented
with a median blood pressure of 120 mm Hg (IQR, 104-
142 mm Hg). The median initial Glasgow Coma Score of
patients who died was 3, and 14 (78%) arrived with a
Glasgow Coma Score of 3 despite the absence of associated
head injuries. Median time to death was 1 day (IQR, 0-4
days), and 12 patients (66.7%) died within 24 hours of
arrival.
Amputations were performed in 42 patients in the
entire cohort, for an overall rate of 6.5%. Transfemoral
amputation was performed in 27 patients, with the 15
remaining amputations being transtibial. Arterial injury to
the popliteal or tibial arteries occurred in 30 (71%) ampu-
tations, and amputation was more frequent in popliteal/
tibial injuries (30/360, 8.3%) than in CFA/SFA injuries
Fig 1. Mortality and amputation rates (
Table II. Injury characteristics and outcomes by most pro
Common femoral
artery (n  120)
Multiple vessel 3 (2.5)
Vein injury 30 (25.0)
Fracture 19 (15.8)
Multiple fracture 0 (0)
Open wound 22 (18.3)
Nerve injury 5 (4.2)
Penetrating 99 (82.5)
Length of stay (days) 9.5
Amputation 7 (5.8)
Mortality 9 (7.5)
Reported as n (%) except where indicated.(12/291, 4.1%; P .03, Fig 1). Amputation was also more pommon in injuries resulting from blunt (20/220, 9.1%)
han penetrating (22/431, 5.1%; P  .05) mechanisms
Fig 2). Only one patient that had an amputation died. This
ndividual had injury to both the CFA and SFA, underwent
n above-the-knee amputation, and died on the 50th hos-
ital day. Table III presents univariate predictors of ampu-
ation for the study cohort. Amputation was significantly
P  .05) more frequently performed in the presence of
ntages) by most proximal vessel injured.
ig 2. Mortality (P  .29) and amputation (P  .05) rates
percentages) by mechanism of injury.
l arterial injury
erficial femoral
ery (n  179)
Popliteal
(n  226)
Tibial
(n  126)
7 (3.9) 3 (1.3) 7 (5.6)
71 (40.0) 57 (25.2) 15 (11.9)
31 (17.3) 88 (38.9) 64 (51.9)
6 (3.4) 6 (2.7) 4 (3.1)
58 (32.4) 49 (21.7) 47 (37.3)
16 (8.9) 17 (7.5) 29 (23.0)
147 (82.1) 115 (51.0) 70 (55.6)
7.7 14.4 9.8
5 (2.8) 22 (9.7) 8 (6.3)
5 (2.8) 3 (1.3) 1 (0.8)xima
Sup
artopliteal artery injury (P  .02), combined ATA and PTA
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Volume 53, Number 6 Kauvar et al 1601injury (P .001), multiple vessel injuries (P .001), single
(P  .002) or multiple (P  .002) fractures, and blunt
mechanism (P .05). Neither the presence of a coded soft
tissue injury (P  .40), nor a nerve injury (P  .87) were
associated with amputation.Multivariate logistic regression
analysis revealed that the presence of multiple arterial inju-
ries (odds ratio [OR], 5.2; 95% confidence interval [CI],
1.7-15.6; P  .003), and any fracture (2.2, 1.1-4.2. 02)
independently predicted amputation.
The highest rate of amputation by most proximal arte-
rial injury was at the popliteal level. These injuries had a
9.7% amputation rate, and the popliteal artery was injured
in 22 (52%) of the patients requiring amputation, with 14
(63.6%) of these above the knee. Only two of the popliteal
injuries resulting in amputation had additional arterial in-
juries, one had an injury to the PTA, and one to both the
PTA and ATA as well as the popliteal. There were eight
fractures (all of the tibia) among the 22 amputations, with
a single patient having both a tibia and a femur fracture. Six
of the amputations had a concomitant vein injury, and five
had an open wound. Only a single popliteal injury with
amputation had a recorded nerve injury.
DISCUSSION
This study utilized a nationwide database to analyze
trauma encounters involving isolated lower extremity
trauma with injury to an infrainguinal artery. This cohort
was selected in order to define the actual influence of the
arterial injury on patient and limb outcomes in the absence
of the confounders of concomitant injuries and their asso-
ciated physiological derangements. In this highly selected
trauma population, we demonstrated a nearly 10% inci-
dence of “devastating” outcomes, with a mortality rate of
2.8% and a major amputation rate of 6.5%.
Mortality was primarily seen in proximal injuries with a
penetrating mechanism, particularly gunshot wounds to
Table III. Univariate analysis of risk factors for
amputation
No
amputation
(n  609)
Amputation
(n  42) P
Common femoral artery 113 (19.0) 7 (16.7) .76
Superficial femoral artery 175 (28.7) 6 (14.3) .04
Popliteal 212 (34.8) 22 (52.4) .02
ATA or PTA 125 (20.5) 13 (31.0) .11
ATA and PTA 6 (1.0) 3 (7.1) .001
Multiple vessel 15 (2.5) 5 (11.9) .001
Vein injury 161 (26.4) 12 (29.0) .76
Fracture 180 (30.0) 22 (52.4) .002
Multiple fracture 12 (2.0) 4 (9.5) .002
Soft tissue 167 (22.4) 9 (21.4) .4
Nerve injury 63 (10.3) 4 (9.5) .87
Penetrating 409 (67.2) 22 (52.4) .05
Length of stay (range) 9.9 (0-65) 24.2 (5-61) .001
ATA, Anterior tibial artery; PTA, posterior tibial artery.
Reported as n (%) except where indicated.the femoral vessels. This pattern has been described by gilgen et al,7 who examined autopsies of patients who died
rom extremity vascular injury. In their report, the femoral
rtery was injured in 75% of deaths, and the cause of death
as exsanguination in 97%. In our analysis, patients who
ied had significant physiological derangement upon ar-
ival to the hospital, with many arriving in extremis. Addi-
ionally, the majority of deaths occurred on the first hospi-
al day. The observed early hypotension and altered mental
tatus likely resulted from proximal arterial hemorrhage
rior to trauma center arrival. This pattern has been iden-
ified and described by Dorlac et al,8 who evaluated exsan-
uination from isolated penetrating extremity trauma in
he Houston, Texas metropolitan area. These investigators
ound that, out of nine patients with isolated lower extrem-
ty injury who died, eight had injury to the femoral vessels.
The overall mortality rate of 2.8% and the femoral
njury mortality rate of 4.8% seen in our study are lower
han those reported in single-center experiences. Asensio et
l9 reported a mortality rate of 9% in patients with femoral
rtery injuries, and Rozycki et al10 reported a 9.7% overall
ortality rate (upper and lower extremity), with only two
f six deaths resulting from exsanguination and the remain-
er the result of concomitant injuries. However, the pop-
lations described by Asensio et al and Rozycki et al did not
ave injuries isolated to the limb, and in both studies, the
njury severity score (inclusive of nonextremity injuries) was
n independent predictor of mortality. The mortality dif-
erence observed between our study and these two studies
hus indicates a significant effect of concomitant injury on
ortality following extremity arterial trauma. Our lower
bserved rate likely represents the “true” mortality from
uch injuries, as it was obtained without the confounding
ffects of concomitant throacoabdominal and head trauma.
Our study supports the finding that extremity arterial
njury is correlated with devastating outcomes, even in
atients with injury isolated to the extremity. This conclu-
ion is corroborated by the findings of Loh et al.11 These
nvestigators discovered that the presence of vascular
rauma was associated with significantly increased mortality
ver that seen in a matched cohort lacking vascular injury.
Although no definitive cause-and-effect can be stated,
ased on our results, mortality attributable to lower ex-
remity vascular injury is likely associated with acute exsan-
uination occurring prior to or soon after arrival at the
rauma center. The preventability of such deaths, and by
xtension the complications caused by hemorrhage from
xtremity vascular injury in multisystem trauma, then lies in
mproving prehospital control of hemorrhage. Although
he liberal use of tourniquets to control hemorrhage in
ilitary casualties has been associated with improved sur-
ival in major limb trauma with few complications,12-14 the
roximal nature of the exsanguinating arterial injuries in
ur study (50% to the CFA) may not have made them
menable to control via tourniquet placement. Other
ethods of prehospital control of major arterial hemor-
hage are currently under study with positive initial results.
hese methods, championed principally by military sur-
eons, include the use of topical agents with inherent
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for those injuries not amenable to tourniquet control.15,16
Another method that has the potential to influence the
mortality of extremity vascular injury is the adoption of
damage-control vascular surgery techniques. These primar-
ily involve the placement of temporary arterial (and some-
times venous) shunts to allow for the resuscitation and
rewarming of the patient in the intensive care unit prior to
return to the operating room for an attempt at definitive
revascularization. The use of arterial shunting has become
commonplace in the management of severe military
trauma, with demonstrated efficacy.17 The use of tempo-
rary arterial shunts in civilian blunt popliteal trauma has
been associated with an improvement in limb salvage.18
Data on whether or not damage-control vascular tech-
niques were employed in the current series is unavailable. It
is unclear whether the patients in our series who died might
have benefitted from the use of damage-control tech-
niques, although such techniques may bemore beneficial in
a multiply-injured patient with conflicting resuscitation and
physiological requirements.
In contrast to the association of mortality with proxi-
mal, penetrating injuries, amputation was associated with
more distal arterial disruption and with a blunt mechanism
of injury. The nearly two-fold higher amputation rate that
we observed following blunt trauma (9.1%) than penetrat-
ing (5.1%) is consistent with other reports. In a single-
institution analysis of 550 lower extremity arterial injuries
by Hafez et al,19 the amputation rate following blunt injury
was 24%, compared with 15% from penetrating trauma. In
another NTDB study limited to traumatic popliteal injury
by Mullenix et al,20 the amputation rate from blunt injury
was 18%, and that from penetrating injury was 9%. Similar
patterns of amputation rates based on the level of arterial
injury to those seen in our study have also been reported
from single-institution data. In the Hafez report cited
previously, the amputation rate from CFA and SFA injuries
was 12%, while that in popliteal and tibial arterial injuries
was 21%. In another single-institution series from Moniz
and Ombrellaro,21 the rate of amputation from femoral
arterial injuries was 26%, that from popliteal injuries 54%,
and that from tibial injuries 36%. Amputation rates from
both of these reports were higher than those noted in our
series. This discrepancy may represent heterogeneity in the
duration of follow-up, as delayed (ie, after initial hospital
discharge) amputations were included in the Hafez and
Moniz reports, but are not reflected in our results due to
the nature of the data available in the NTDB. Additionally,
in contrast to the present report, the cited authors did not
limit their analysis to isolated extremity injury, likely result-
ing in confounding effects of concomitant trauma and
associated physiological derangements on the decision to
perform limb salvage or amputation.
Injury to the popliteal artery has long been recognized
as frequently resulting in limb loss. In their landmark 1945
paper describing arterial injuries in World War II, DeBakey
and Simeone report an amputation rate of 73% for popliteal
artery injury.22 Even in modern series, injury to the popli- oeal artery results in more frequent amputation than injury
o other lower extremity arteries. The amputation rate from
opliteal injury in the Hafez andMoniz studies cited above
ere 27% and 54%, respectively. These rates are higher than
n the Mullenix NTDB popliteal injury study, which re-
orted an overall amputation rate of 14.5%.20 The ampu-
ation rate of 9.7% seen in our study compares most closely
ith the other NTDB study, which also reported only those
mputations performed during the initial hospitalization.
he remaining discrepancy may be attributable to factors
elating to the confounding effects of associated trauma,
hich was not excluded in the Mullenix et al report.
In our series of initial hospitalization outcomes of
solated lower extremity injury, we identified two injury
haracteristics predictive of amputation. The presence of
ultiple arterial injuries and multiple fractures were both
ssociated with limb loss. These findings are consistent with
ther published reports, in which multiple vascular inju-
ies19,21,23 and fracture19-21 were associated with amputa-
ion.
We did not find that the presence of nerve injury or soft
issue disruption predicted amputation in our cohort. This
s in contrast to the findings from reports with longer
ollow-up periods in which investigators have found asso-
iations between the presence of these factors and eventual
mputation.21 In our series, the incidence of documented
erve injury and fracture were similar in the amputated and
imb salvage patients. We do not know how many of the
atients with these complex injuries went on to lose their
imbs after the initial hospitalization, but it has been docu-
ented that the initial presence of these factors may por-
end the eventual failure of limb salvage efforts.6,24
Due to the nature of the data contained within the
TDB, we cannot distinguish between nerve injuries of
ittle clinical consequence (such as cutaneous nerves) and
ebilitating injuries that might more strongly influence the
ecision to perform amputation or limb salvage during the
nitial hospitalization. This may also serve to help explain
he disparity between our and other series’ limb salvage
esults with regards to the presence of nerve injury. On the
ther hand, the influence of nerve injury on outcomes
ollowing severe lower extremity trauma has been called
nto question by investigators involved in the Lower Ex-
remity Assessment Project. This was a multicenter, pro-
pective cohort study of patients sustaining severe lower
xtremity injury. One of the more interesting results of this
nvestigation was that the absence of plantar sensation,
raditionally and in numerous injury assessment scoring
ystems considered a poor prognostic determinant for limb
alvage, did not adversely affect functional outcomes.6
As with any research involving the analysis of patient-
evel data from a large database, this study can only be as
ccurate as the information in the database itself. Although
ata entered into the NTDB undergo an extensive valida-
ion process, the quality of the analyses derived from it still
ely on the accuracy of the patient data reported from the
rauma center. A further limitation of this study is the lack
f specificity present in the NTDB dataset; for example, we
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Volume 53, Number 6 Kauvar et al 1603do not know the experience and qualifications of those
involved in the decision-making process and surgical care of
the patients represented. Additionally, due to the nature of
data collection for the NTDB, we are unable to comment
on the long-term limb salvage outcomes in our cohort,
which limits the comparability of our analyses with existing
single-institution reports.
CONCLUSIONS
In this large-scale study of a national trauma database,
we found a nearly 10% incidence of mortality or limb loss
following isolated injury to the lower extremity with a
named infrainguinal arterial injury. Mortality was primarily
associated with penetrating mechanism of injury to the
CFA and SFA. Patients that died did so early and suffered
from early shock likely resulting from prehospital proximal
arterial hemorrhage. In contrast, early limb loss was more
common with blunt injury to more distal arteries, especially
the popliteal. The presence of fractures or multiple arterial
injuries independently predicted limb loss. Nerve and soft
tissue injuries did not predict limb loss but may result in
delayed amputations not captured in this acute outcomes
dataset.
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